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ABSTRACT 

This is a preliminary investigation into the area of the 

reconstruction of the three-dimensional description of objects from 

their photographs. Possible assumptions which might be made, the 

variables which are involved, and the limitations which exist are 

discussed. A literature survey is included in the appendices. 
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I. INTROIXI%TION 

L 

\ 6  

This report is  concerned with the  problem of reconstructing three- 

dimensional objects from t h e i r  photographs. 

several situations.  

able as i n  the  case of views from high-speed photography, pictures of 

deceased people, o r  a photograph of a burning building. 

object might be i n  a location i n  which the  only way of obtaining infor- 

mation about the object is through photographs. Exaples  of t h i s  might 

be objects i n  outer space o r  i n  the  deep ocean, Microscopically s m a l l  

This problem can arise i n  

Fi rs t ,  an object might no longer be physically avail- 

Secondly, the 

objects wol;ld a lso  be i n  t h i s  category. 

area of data storage. 

graphs are used for  identification, with a human doing the  reconstruction. 

To s tore tke  s m e  information i n  words and nubers ,  i f  possible, might 

require ccnsiderably more storage space. 

A th i rd  s i tua t ion  might be the  

This would be analogous t o  the way i n  which photo- 

For purposes of t h i s  work it is convenient t o  divide a l l  three- 

The first group consists of polym dimensional objects in to  two groups. 

hedral objects, t ha t  is  of objects whose surface consists of a f i n i t e  

set of polygons arranged so tha t  every s ide of every polygon is common 

with one and only one other polygon and tha t  no subset has the  sane 

property. 

%he first group would be cubes, prisms, staircases, most houses, and an 

Allen wrench; members of the  second group would be bowling pins, human 

faces, cups, and most living objects. 

The second group consists of a l l  other objects. Members of 

It is of importance t o  note t h a t  there are many objects which n.ay 

J 
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be regarded cs  being compound objects, tha t  is, objects tha t  can be 

separated in to  povhedral  components and non-polyhedral components, 

It would appear t h a t  the best methods f o r  reconstruction would 

be different  f o r  the  two groups. 

present i n  the  members  of the  first group should certainly be used i n  

any reconstruction method of objects i n  t h i s  group. 

For example, the sharp boundaries 

There are many factors  tha t  determine the  =mount and ty-pe of 

information which is available from a two-dimensional photograph (o r  

photographs if  possible). 1) lighting, 2) s i z e  of Among these are: 

the subject re la t ive  t o  the distance from the canera and the  foca l  length 

of the lens, 3) views shown, and 4) th& set t ings of the camera which 

effect  focus, depth of f ie ld ,  and b lu r  due t o  motion. 

assumed -that the  film offers  no limitations ( i n  practice the  large 

number of available films makes t h i s  a f a i r l y  reasonable assumption) , 
and tha t  the  optics introduce negligible distortion. 

i s  believed tha t  perfect exposure i n  making photographs is  not necessary 

f o r  achieving reconstruction. 

overexposure o r  underexposure would lead t o  er rors  . 

It w i l l  be 

Furthermore, it 

It is obvious, however, tha t  extremes of 

There are  several poss ib i l i t i e s  with respect t o  the  conditions 

under vhich the  pictures a re  taken. 

over what pictures are taken and no knowledge of the l ight ing and camera 

sett ings.  

pictures are taken, but the  camera set t ings and l ight ing conditions are 

known. 

photographing I s  available, possibly because the  photographs were ma2e 

Firs t ,  there may be no control 

I n  the second case, there may s t i l l  be no control o-brer what 

I n  the  t h i r d  case, complete knowledge of the  circumstances of the  
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"to OrGei ' " ,  L i s  last case is obviously the most desirable. 

One additional condition is involved. Prior knowledge about t1:e 

This knowledge could take the form subject may o r  may not be available, 

of a known axis of symmetry, a relationship between parts such as "in 

front of", or a geometrical restriction such as "simply connected", 

t 
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11, PHOTOGWHIC C m  VA€UA.Bm 

There are four camera variables t o  be considered: shut ter  speed, 

effective lens diameter, lens focal length, and the  distance from the 

lens t o  the f i lm plane. 

eliminate b lur  due t o  motion. 

necessary (except as aoted previously f o r  gross overexposure or  under- 

Shutter speed should be set fast enough t o  

No other r e s t r i c t ion  would seem t o  be 

exposure). 

amount of magnification or reduction, and the  s ize  of the f i e l d  of view, 

The remaining variables control the depth of f ie ld ,  the 

Concerning depth of f ie ld,  two poss ib i l i t i e s  seem t o  be worth 

considering. 

useful i f  a method were available f o r  determining what par t  of the image 

The first i s  a very short depth of f ie ld .  Ibis would be 

were i n  Focus. This would serve t o  determine the  distance from the  subject 

t o  the camera. 

use of a se r i e s  of pictures t o  determine the  re la t ive  position of objects 

Another poss ib i l i ty  with shortdepths of f i e l d  would be the  

or parts  of objects. The wide depth of f ie ld,  with everything shown i n  

the  frane i n  focus, would be desirable i n  other cases. 

the sharpest possible edges, faces, and other features f o r  accurate re- 

This would yield 

c 

construct ion , 
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111. UBEWNG SYSTElvI FOR P0LYmDRA.L OBJECTS 

The following labell ing system w i l l  be used fo r  polyhedral 

The faces (powgons) w i l l  be assigned Arabic numerals objects. 

1,2,3,. .,n such that n equals the t o t a l  number of faces, but with 

no other res t r ic t ion.  

names of the forming faces so tha t  boundary 14," is between faces 

14  and 7. 

forming faces. 

and 21. 

Boundaries (edges) w i l l  be referred t o  by the  

Similarly, vert ices w i l l  be indicated by the  nanes of the 

Hence vertex 3,6,21 is the intersection of faces 3, 6, 

If more than one object i s  present i n  the  photograph, each w i l l  

be assigned a cap i ta l  Roman l e t t e r  s ta r t ing  with A fo r  the upper l e f t-  

most object and proceeding first top t o  bottom and then from lef't to 

right w i t ? ?  B, C, D, . . . These object names w i l l  be prefixed t o  the 

above face boundary, and vertex names a s  follows: 

A14,7, and vertex A3,6,21. 

face Al, bourzdary 

An i l l u s t r a t i on  of t h i s  labell ing system is given i n  Fig. 1. 
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a 

A I  \ A  

B I  , 4  

F I G .  / 
EXAMPLES OF THE LABELLING SYSTEM 

FACE: A I  
BOUNDARY: A 3 , 2  
VERTEX: A 1 , 2 , 3  

7 
84 

/ 
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IV. EF%ECTS OF LIGHTING CONDITIONS 

Lighting conditions must be considered because they can have 

confusing as well as clarif‘ying effects,  Examples of the former would 

be the  hiding of l i ne  ~4,6 i n  Fig. 2a, or of l i n e  A3,2 i n  Fig. 2% ( for  

labell ing re fe r  t o  Fig. 1). 

by face AI. i n  Figs, 3a and 3b, 

An example of a clarifying effect  is showr; 

I n  Fig, 3b, face A1 appears as a unifolvl 

surface, while i n  Fig. 3a the texture of the face has taken on character- 

i s t i c s  similar t o  edges. 

There are  three main l ighting variables tha t  can affect  the 

appearance of the  image i n  a photograph: 

1) The orientat ion of t he  l i gh t  source(s>” with respect 

t o  the axis of the  lens. 

The distance from the l i gh t  source(s) t o  the subject. 7 ;  

3) The nlmiber of sourcesI 

-. 
*Note tka t  reflecting surfaces m y  proauce results similpr t o  those 
produced by z;Qurces . 
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EXAMPLES OF LIGHTING 

(b 1 
FIGUF33 2 

CONDI'PIONS CAUSING 

d 

EXES TO BE HIDDEN 
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O F  LIGHTING 

(b) 

FIGUIiE 3 

CONDITIONS HIDING CONFlTSING SURFACE TEX’I’Um 
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V. PRECEDENCE DESIGNATIONS 

The following method is introduced t o  provide an orderly and 

compact way of ordering sections of objects, especially when more than 

one object is involved. 

Consider two sections X and Y and t h e i r  non-common parts 

XC(Xi?Y)' = XrqY' and Yt"r(XI)Y)' = Y O X I .  Let w be an arbi t ra ry  

direction. men  Pw(X y r  i s  d&&ned as the oxvi&~g~a!l prom 

jection of X on W. 

pw(XfiY') and. Pw(Y$7Xf) along the  w axis, as i l lu s t r a t ed  i n  Fig. 4. 

There are  several possible relationships between 

A 

compact notation for each relat ion is also shown i n  t h i s  figure,  

A number of points should be mde clear. Firs%, X and Y can 

i n  general be any type of convex o r  non-convex section, Second, X 

and Y ne<-< not have more than three points i n  a comon phne,  and t h i s  

is necessa-y only because three points determine a plane, 

t h i s  plane does not have t o  contain W, Third, i n  many cases, such as 

Furthermore, 

for sections which are planar faces, determining the  precedence re- 

la t ion  is  reduced t o  an end 2oin-k comparison, 

Using  the notation of Fig. 4, %he following expr2ssions may 3r: 

written: 

(4) (XiY) & (Y@Z) ..+ (XQZ) 
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A~ 1 I I I 

( o ) THE PROJECTIONS ARE DISJOINT 
AND X PR€CEDES Y ALONG 

THE w A X I S .  
NOTATION : X @ Y 

I I I 
I I I 
I 

c u u w  
P W  ( Y n x') P W ( X  ny ' )  

( b ) THE PROJECTIONS CORRESPOND 
EXACTLY. 

I I NOTATION: x BY  B I I 
I I 

I I 

I 

LJ *W 

Pw ( X f l Y ' )  = Pw ( Y ' n X ' )  

( c )  THE PROJECTION OF X 
CONTAINS THE PROJECTION OF 
Y ,  AND X PRECEDES AND 

NOTATION : X @ Y 

I 
I 

I 
I 
1 
I 

I I 

I FOLLOWS Y ALONG THE w AXIS. 
i p  

I ( 3 ;  
I 
I 

I 
I 
1 

I I 

[ P w ( ' 3 9  j ,s- W 

- p W ( x  n Y ' )  
F I G .  4 

EXAMPLES OF PRECEOENCE RELATIONS 
ALONG w A X I S  

a 



( d  ) THE PROJECTION OF X CONTAINS 
THE PROJECTION OF Y ,  AND 
X FOLLOWS BUT DOES NOT 
PRECEDE Y ALONG THE w A X I S .  

I 

I NOTATION: X @ Y I 
I 

I 

W 

( e )  THE PROJECTION OF X CONTAINS 
THE PROJECTION OF Y ,  AND 
X PRECEDES BUT DOES NOT 
FOLLOW Y ALONG THE w A X I S .  

NOTATION: X @ Y 

I 
i 
I 
I 
I 

~, pj 
I 

( f )  THE PROJECTION OF X CONTAINS 
PART OF THE PROJECTION OF Y ,  
AND X PRECEDES Y ALONG THE 

w A X I S .  
I i NOTATION: X @ Y  
I 
I 
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VI.  RFICONSTWCTION ASSUMPTIONS 

In the analysis of photographs there are several assumptions 

which might be employed i n  the  various stages of reconstruction. 

1) There could be symmetry about 

a)  a point. 

b)  a l ine.  

c) a plane. 

d) the  boundary between the  v is ib le  and the  

hidden portions of the object. 

The boundary l ines  could be res t r ic ted  t o  2) 

a) s t ra ight  l ines.  

b) c i r c l e s  o r  c i r c l e  arcs. 

c )  parabolic o r  higher order arcs. 

d )  sine functions, 

3 )  The object 's  surfaces could be n-Eade up of 

a)  n-sided f i n i t e  f lat  planes (poLjrhedra1 case). 

b )  sections of spheres. 

c )  sections of cylinders. 

4) Configurations such as those shown i n  Fig. 5 have 1;ktelr 

standard o r  normal meaning. 

There could be a volume o r  surface area restr ic i ton.  

The complete object could be res t r ic ted  t o  a gcometriz class 

such as tha t  of; 

5 )  

6 )  

a) convex figures 

b) non-convex, simply connected figures. 
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STANDARD AND NONSTANDARD INTERPRETATIONS OF SOME COMMON CONFIGURATIONS. 
( W  DEFINED AS NORMAL OUT OF THE PAPER) 

FIGURE STANDARD INTERPRETATION NONSTANDARD INTERPRETATION 

A PRECEDES B ALONG w. A AND B AT SAME POINT ON w 
OR B PRECEDES A ALONG w. 

(b 1 A AND B AT SAME POINT A PRECEDES B ALONG w OR 
ON w. B PRECEDES A ALONG w. 

( c >  B PRECEDES A ALONG w. A AND B AT SAME POINT ON 
w OR A PRECEDES B ALONG w. 
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V I 1  C0NCI;ITSJONS 

The reconstruction of three-dimensional descriptions of object.? 

from t h e i r  photographs is a complicated and d i f f i cu l t  task. Certain 

assumptions and step-by-step development of the  necessary procedures 

are v i t a l  t o  any successful results.  

selves can l i m i t  o r  a id  i n  t h i s  success. 

three faces of each block, Fig. 3(b) shows two faces, and Fig, 3(a) 

shows only  one face. 

Furthermore, the pictures then;.. 

For example, Fig, 2(b) shaws 

Obvlously, Fig. 2(b) would best  f a c i l i t a t e  the  

reconstruction, This seems t o  lead t o  a general rule; the best re- 

construction i s  possible when the  s e t  of l ines  pa ra l l e l  .to the  a i s  of 

the lens intersects as many vis ible  faces as possible at angles near k5'. 

!&io more points a re  brought out by Fig, 6 which shows two views 

of a te tx&dron,  Neglecting markings and surroundings, face:. T2 and 

'24 appear to be approximately t he  same size. 

IC2 is  twice tha t  of T4, 

Actually, the height of 

Thus without additional information, recon- 

struction here would be impossible. One s o r t  of additional infomation 

is i n  the  shadows. If  it were known o r  assumed tha t  the  LightSng was 

the sme for  both photographs, then re la t ive  face s lze  could be d.e- 

termtned with the  a id  of the shadows on the r ight  and left. However, 

i f  the l ight ing conditions w e r e  not known9 ths  shadows wosLd on7-y add 

tc the confusiona 



(b 1 
FIGURE 6 

!.NO VIEWS OF A Tl3TRAHEDRON 



.APPEJ!JIXX A: Bta of Photographs 

Film; Plus x. 

Shutter Light Focal length 
2 
1 

Figure f-stop speed, sec, no, pose i n  m. X T  

2-a 11 1/100 1 F  58 0 -2 3-8 

2-b u. 1/100 L O  58 3 $ 18 

3-b 

6-a 

6-b 

u 

16 

16 

1/100 L O  58 1 + 18 

1/50 

1/50 

number of sources, 

posi t  ion of sources. 

i n  front.  

overhead, 

on the  right, 

on the  left .  

block separation, front  t o  back, 

block separation, l e f t  t o  r ight ,  

distance from -the lens to the nearest point of subject, 

P 

Not;e: X, Y, and 2 are given i n  inches. 



APPEMDUC B: Literature Survey 

The a r t i c l e s  i n  t h i s  survey were selected because of mmber- 

ship i n  one of the  following catagories: 

A) Tools which n@ht prove useful  i n  solving the problem, 

B) Approaches taken on similar problems. 

C )  Papers which might lend insight to the  problem.. 

A l l  papers are  numbered i n  chronological order, with the l e t t e r s  

suffixed t o  the nwnbers indicating t o  which group the paper belongs. 

Papers with nmbers prefixed with a star (*) have not been read, Pa2n_rs 

with no commentwezread but were deemed not pertinent. 

An alphabetically arranged author index and a subject Ldex 

are included at  the  end of the  survey. 

xa&c-r ->, H.E., e t .  al., Solid Geometry, G i n n  and Company, New York, 
3.92: > 

Contains concise statements of the axioms, pcstulatcs, dsf- 

ini t ioas,  and theorems of basic sol id  Seo.wtry. 

McCuUoch, W.S., and P i t t s ,  W., “How We Know Universals, The 
Perception of  Auditory and Visual Forms, ” Eullet in  69 Ma%hmcbieal ,-v 

-.-A Biophysicsl 7702, 9, 1947. 

HUbert, D,, an2 Cohn-Vossen, S., Geometry ad! thhs -- Ezagination --’ 
Chelsea, New York, 1952. 

A more advanced treatment of geometry than given i n  Uo 

Mama1 of Photcgrammetry., American Society of F’ho~ogramn?etry, 
Washington, 1952. --I_ 

Maim?x oriented towards aeri.al photcgraphy map ma;ki.ng, t 3 - i ~  

m.rwXL ctoes zcntain sections on the general optics ani geomet:,y ?f piio- 



Dineen, G, 2 ,  "Programming Pattern Recognition, Proceedings Y . y u I . I - -  of 
the Western - ;oink ComQter I._ C a = e s 9  Maxh 1 9 6 r  

Basic operations such as averaging, edging, and '"blob" rec- 

ognition are performed on a two level  quantization of the input pat tem, 

?? 6A Cahn, L., et .  ax,, Experiments i n  Processing Pic tor ia l  Information 
with a Digi tal  Computer,'' Proceedings of t h e  Eastern &+at Cmpx$e~- 
3 Conference, 1957. 

l%e input pat tern is  quantized on two Le-mls with. a v a r b b l e  

threshold d m  scanner, Subroutines are presented f o r  determining, such 

properkies as the  t o t a l  black area, the  number of separz-te %lobsf', ant5 

the image outlines. 

7A Giesecke, Frederick E., e t .  al,, Technical Drawing, Macmillm, 
New Bork, 1958. 

!Zis volume covers a l l  aspects of technical drawing, The 

sections o:i perspective and projections are part icular ly pe-rti:i.ent 

8A Patterson, Boyd Cnunrine, Projective Geometry, John Wiley and Sons, 
New York, 1958. 

This i s  a c lear  and interest ing presentation of the s tmc tu re  

of projective geometry. 

9A Sheman, H., "A Quasi-Topological Method for the  Machine 2%- 
ognition of Line Patterns," M.I.T. Lincoln Laboratories, Report 
NO, 26-25-17, ~ a y  1959. 

Although this paper is oriented toward character recognition, the 

technlques employed are general, 

the  resulting l i n e  pat tern is examined f o r  nodes and the mmner in TJi12-3 

A digi tal ized pat tern is thinned arid 

thzy ar2 interconnected. 
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c 

1OC Greene, 7.IL., "An Approach t o  Computers t h a t  Perceive, Learn and 
Reason, I t  Troceedings of the  Western Joint Computer Confewnice 
la rch  1953. ."--..' 

This i s  a very abstract discussion, following an almost phil- 

osophical approach, 

1lA Unger, S H., "Pattern Detection and Recognition, I' Proceedings o f  - 
the IRE, Vole 47, 3b. 10, pp. 1737-1'j'52, October 1959. 

This i s  a basic paper i n  pat tern recognitlon. The ef fec ts  02 

quantization are  discussed, and descriptions are given of such basic 

operations as smoothing, and determining the  edge sequence. 

and suggestions f o r  a question tree are presented. 

Criterion 

3CJ.2.A Minot, OAT., "Counting and Outlining of 'Two-Dimensional' Patterns 
by Digi tal  Computer, "-U.S. Naval Electronics Laboratory Report No. 
93-1- 414, August 1960. 

k" I A.F., "A Method f o r  Computer V&mzalfzation," H.I.T. Electronics 
Sye uzm Laboratories, Technical Memorandum 83 4643n-3 September 1960 e 

I__ 

A three-dimensional description is  constructed from a three view 

orthographic projection. 

of plane surfaces; 2) is  space f i l l i ng ;  3) has planes of bounded extent 

which are simply connected; and 4) only two planes can intersect  at  a 

given line. 

Rules are given f o r  determining a l l  possible points and lines i n  the  three- 

dimensional point- line s tructure from the  information i n  the  three two- 

dimensional point-fine structures.  

eliminating the  extraneous l ines  and points i n  the  three-dimensional 

The process assumes t h a t  the  object; 1) consists 

The point- line s t ructure method of representation is used. 

Additional rules are state6 f o r  

point-line s tructure . 
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"A Method of IvIechanization of Geometry, I' Cybe,rnetica, Y01. 3, 

( i n  French). 
No, 2, pp. 38-116, and V O ~ .  3, NO, 4, pp. 301-311, 1960 

Sprick, W., and Canzhorn, X., ''Method f o r  Pattern Recognition 
by Following the Boundary," Proceedings of the  International 
I Conference on Information Processing, Paris, pp, 238-244, 1960. 

Wholey, J.S., "The Coding of P ic tor ia l  Data, I f  IRE Transacticms 
on Information Theory, Vol. IT-?, No. 2, April  1961. 

Frick, F.C., "Pattern Recognition, I' Proceedings of the  Western - 
Joint  Computer Conference, 1961. 

This is  a general. discussion of the f i e l d  with the  emphasis 

on the problems of automatic speech recognition. 

16A Freeman, H., "Techniques for the Digital  Computer Analysis of 
Chain-&coded Plane Curves," Proceedings of the  National Elec- 
trcx-'cs Conference, Val .  17, pp. 421,432, October 196l, - -  

:Tie basic terms arld properties of "chain-encoding" are 

introduced. Methods are described f o r  the  analyt ical  determination 

of such quanti t ies  and qual i t ies  as height, length, area, symmetry, 

moments, and intersections of "chain-encoded" plane curves. 

l 9 A  G l a s s ,  J.M., "Analysis of Quantized Two-Dimensional Geometric 
Patterns, N.Y.U. Technical Note bo-?, Septerriber 1961, 

A study is made of the  effects of quantizeng plane curves, A 

statistical model is developed f o r  square box quantization, Gther 

methods of quantizing are examined but no models seem t o  be possible, 
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2OA Freeman, -I., "A Classification and Recognition Technique f o r  
Geometric Patterns, It  N.Y.U. Technical Report 400-33, July 1961. 

Descriptions are given af chain encoding and chain difference 

encoding of plane curves. The use of chain autocorrelation functions 

f o r  pat tern  classif icat ion,  and chain crosscorrelatioa functions f o r  

pat tern recognition is  suggested, 

Qlsc rh ina t ion  fac to r  are defined. 

A recognition coefficient and 

21 Simmons, P.L., and Simmons, R.F., "The Simulation of Cognitive 
Processes : An Anotated Bibliography, " IIiE Transactions on 
Electronic Computers, Vol, E,-lO, No, 3, 1961. 

The emphasis i n  t h i s  survey is on computer problem solving, 

character recognition, and models of the human brain and nervous system, 

22 

2 3 ~ c  

24c 

Sinzxmns, P.L., and Simmons, R.F,, 11 The Simulation of Cognitive 
Beba-&or, I X ;  An Annotated Bibliography, " Systems Developmnt 
Cor-o-ation Report SP-~~O/OOZ/OO,  1961, 

_ Y . . _ L _ n _  

-. 

A, continuation of 21. 

?I Green, B.F., Computer Models f o r  Cognitive Processes, 'I Pyschometrika, 
VOL 26, No, 1, 1961, 

General discussion. 

Murdock, B.B., and Warhurst, F,, "The Recognition of Tri-Dimen- 
sional  Stimuli, 'I University of Vermont, Burlington, January 1962, 

A s t a t i s t i c a l  study of the  abi l i ty  of humsn subjects t o  rec- 

ognize tri-dimensional stimuli is presented, 

are color, form and crosshatching, 

The dimensions considered 
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25A "Principies of a Natural Image Computer, " Ford Aeromtzonics, 
February 1962, 

A novel idea for the  processing of images using optical 

techniques is presented, Not enough information is given t o  reach any 

conclusion. 

2 6 ~  Narasimhan, R., "A Linguistic Approach t o  Pattern Recognition, 
University of I l l ino i s ,  Digi tal  Coquter  Laboratory Report No, 121 -.-> 
July 1962. 

This report is prerequisite t o  33A. A method of analyzing 

patterns by studying t h e i r  s t ructure is presented, O f  special interes% 

i s  a section discussing methods and c r i t e r i a  for repairing noiszr pic-turw;, 

27A Freeman, H., "On the  Digi tal  Computer Classification of Geometric 
Line Patterns, " N.Y.U, Technical Report 400-65, August 1962. 

The direct ional i ty  This is  an extension of 1 8 ~  and 20A. 

s p e c t m  2nd the  asymmetry spectrum, two orientation dependent properties, 

a re  introduced. Curvature, an orien-tat ion indepenclent property, i s  in- 

vestiga%ed. 

2 8 ~ c  Kao, R.C., "The Use of Computers i n  the Processing and Ar!alysis 
of Geographic Information, 
California, August 1962, 

Rand Corpozation, Santa  Monica, 

29AC RG-ttenberg, K., "Digital Computer Analysis of Arbitrary Three- 
Dimensional Geometric Configurations, " N,Y,U, Techfiical Report 
No, 400-69, October 1962, ---.- 

Three-Dimensional application of Freeman's chain-encoding 

of 18A. 

i 

h 
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30 Fcnton, I:,, "Survey on Research on Automatic Pattern Recognition, " 
Ohio State  University, Antenna Laboratory, December 1962. 

The introduction desc?Eibes, i n  general terms, scanners, t y p s  

The remainder of recognition techniques, and application requirements. 

is  lnvolved primarily with character recognition, 

Michels, K.M., and Pi t t s ,  L., "Geometricity of Visual Forms, " 
Perceptual and Motor Ski l l ,  Vol. 14, pp. 147-154, and Vol. 15, 
PP- 55-56> 1962. 

Clarke, A.B., "A Photographic Edge Isolation Technique, Photo- 
g r m e t r i c  mgineering, vel. 38, pp. 393-399, 1962. 

Narasimhan, R., 'I A Programming Language f o r  the  Psrallef, Processing 
of Pictures, " University of I l l inois ,  Digital  Computer Laboratow - 
Report No, 332, January 1963. 

The system described operates on a binary quantization of the 

input picture, 

of picture data. 

An extension of ALGOL-60 is devise? f o r  the m i p u l a k j m  

The use of the  language f o r  sim2le processing rovhines 

is i l lus t ra ted .  

34AC Sutherland, I. E., "Sketchpad, A Man-Machine Graphical Comunication 
System, 'I Thesis, M. I.T., January 1963. 

Input-output i s  provided by a combination of light-pen, cathode 

Two-dimensional ray tube display, and a series of switches and controls. 

f igures are constructed from s t ra ight  l i n e  segments and c i r c l e  arcs. 

Fac i l i ty  is provided for such functions as rotation, coapression, expana. 

sion, translation, and the  imposition of  gemet r i c  constraints, 

important feature of the  system is the  ring s tructure data storage de-. 

An 

signed to alLaw rapid location and manipulation. 
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35B Roberts, L G .  , "Machine Perception of Three-Dimensional Solids, If 
M.I.T., Lincoln Laboratories, Technical Report R 315, May 1-963~ 

A metnod f o r  determining three-dimensional descriptions of 

sol ids  from t h e i r  photographs is presented under the  assumptions tha t  

the  sol ids  are bounded by planar faces and t h a t  they are soaehaw supported, 

The method uses three steps. Firs t ,  the picture i s  reduced t o  a l i n e  

draiqing. Second, a three-dimensional description of the object is 

constructed from the  l i n e  drawing and a s e t  of simple models, Finally 

a display program produces a two-dimensional view of the  object from any 

point of view, 

 GAB Johnson, T.E. , "Sketchpad 111, Three-Dimensional Graphical Cm- 
rmUti;ca'f%bn with a Digital  Coraputer," M.I.T. Electronic Systems 
Laboratory, Report ESL-mil-173, May 1963. 

*"- conibination of 34AC and 35B engble the  Sketchpad user t o  vork 

i n  three-Cixensions. Three Qx=khogonal views plus a perspective view of  a 

three-dimensional wire frame figure are draw;? and manipulated OQ the %-$TO- 

dimensional oscilloscope screen. 

37A Ruttenberg, K., "Algorithm for t he  lhcoding of Three-Dimensional 
Geometric Fiwres,  '' N.Z.U. Technical Report No, 400-86, June 1963. 

Extension of 29AC. Algorithms for encoding basic forms such 

as planes and conic sections are developed. A s  an example of the  methods 

usefulness, an algorithm is described f o r  determining the intersection of 

a plane with a closed convex surface. 
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38AB Leland, E.R. et. al., "Application of Perceptrons t o  Photo- 
interpretation, '' Cornell Aeronautical Laboratory, Buffalo, New Drk,  
Report No, VE-1.4%-G-3, August 1963* 

This report contains a brief  summary of the  work done over the 

previous three years on the  development of a perceptron system capable 

of detecting and recognizing objects i n  aerial photographs, 

39A Cherry, C., e t .  al., "An Experimental Study of the Possible Band- 
width Compression 02 Visual Image Signals, '' Proceedings of the  
IEEE V o l .  51, No, 11, pp. 1507-1517, November 19631, -' 

A survey of the experimentation completed up t o  1963 i s  presented, 

b C  Warntz, W., "Geography, Geometry and Graphics, Princeton University, 
1963 

4lAB Leonardo, E,S., "Comparison of Imaging Geometry for Radar and C a m 7 : a  
Photographs," Proceedings of the American Society o f  Photogrmetry 
--, 

IQ Mcc' -ng Washington, D.C., March 1964. 

The main concern of t h i s  report i s  the  dis tor t ion existing i n  

side lookicg radar Fmages, 

42C Rushforth, C .Ko, "Recognizing Patterns i n  Ph.otographs, 'I Utah State  
University, Electro-Dynamics haboratories, Logan Utah, May 1964. 

This report is  concerned with determining which of a s e t  of kravn 

patterns is  embedded i n  noise o r  background radiation, 

43A Knight, J,M., et .  ai., "Digital Television: Shrinking Bulky Band- 
widths," Electronics, Vol.  37, NO. 31, pp. 77-84, I k C a I e r  1964% 

44C Silver, C-A., "Multidimensional Analysis of Visual Form, I' Frankliu 
Ins t i tu te ,  Laboratories for Research and Development, Philadelphia, 
December 1964, 
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45C Logan, Ti., "Estimation and Reproduction of Angles from a Given 
LZne of Reference," Perceptual and Motor Ski l ls ,  Ttol, 18, pp. 23!--23k, 
1964. 

A s t a t i s t i c a l  study is presented of the  ability of human subjsc-ks 

t o  estimate and reproduce angles between 3.5' and 90' with reference t o  a 

given l ine ,  

46C Blum, H,, "A Transformation for Extracting New Descriptors of Shape, I' 

Symposium on Models f o r  Perception of Speech and Visual Form, Boston, 
November 1964. 

A method of generating forms by the  propagation of variously 

shaped wave fronts  is described, me c r i t i c a l  points of the form are 

the  points where the  wave fronts  meet. 

4°C Clowes, M.B., "An Hierarchical Model of Form Perception," 
Symposium on Models f o r  Perception of Speech and Visual Form, 
Boc"in, November 1964. 

Picture processing operations are defined as; 1) describing; 

2) addressing; and 3) labelling. 

neighborhood operations. 

A study i s  presented of the  use of 

@A Freeman, H., "On the  Classification of Line-Drawing Data," 
Symposium on Models for Perception of Speech and Visual F o e ,  
Boston 1964. 

Grid intersection chain encoding is used (see 18~). Small 

chains cal led chainlets are formed. 

comparing the  bays and peninsulas i n  the chains and chainlets. 

Classification nay be accomplished by 

I 

i 



n 

49A Rosenf'eld, A., e t .  al,, "Paktern Recognition: IV Sequential Operations 
i n  Digital  Picture Processing," University of Maryland, Computer 
Science Center, College Park, Maryland, 1965. 

Sequential versus pa ra l l e l  operations on digi tal ized pictures 

are discussed. Transfoxmations such as thinning and smoothing are per- 

formed using neighborhood operations. A "distance skeleton" i s  introduced 

which transforms a picture in to  "quasi l i n e  forms." 

*5OA Bisignani, W.T., et.  al,, "The Improved G r a y  Scale and the  Coarse- 
Fine E M  Systems, Two New Digi tal  Bandwidth Reduction Techniques, '' 
Proceedings of the  IEE, Vol. 54, No, 3, pp. 376-390, March 1966 

51 Kause, R.H., "Interpretation of Complex Images Literature Survey, 'I 

Goodyear Aerospace Corporation, Akron, Ohio, February 1965. 

The survey contains studies of hwnan perception under various 

conditions of distortion, movement and background, 

r 
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